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EFPECTS OF CANOPY GEOME-TRY ON THE INFINITE MAS
OPENING-SHOCK FACTOR OFA CROSS PARACHUTE

WITH A W/L RATIO OF 0.264

Prepared by:
William P. Ludtke

ABSTRACT: The effects of cloth permeability, number of suspension
lines, and suspension line length on the infinite mass opening-shock
factor of the cross parachute were investigated in a wind tunnel.
Forty-inch-diameter models with a canopy arm-to-length ratio (W/L)
of 0.264 were deployed at wind-tunnel velocities of 150 or 200 miles
per hour. Results of these tests indicate that cloth permeability
influences the infinite mass shock factor significantly. A decrease
in the cloth permeability results in an increase in the shock factor.
Suspension line length and number of suspension lines do not
appreciably affect the shock factor. The steady-state drag coeffi-
cients are affected by the cloth and suspension line parameters.
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EFFECTS OF CANOPY GEOMETRY ON THE INFINITE MASS OPENING-SHOCK
FACTOR OF A CROSS PARACHUTL WITH A W/L RATIO OF 0.264

The investigation presented in this report is related to the infinite
mass opening-shock characteristics of the cross parachute. This work
was performed under the Independent Exploratory Development Program,
Task No. MAT-03L-000/ZF61-512-001.
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LIST OF SYMBOLS

D Drag force, pounds

CD Coefficient of drag

V Velocity, feet per second

p Density of air, slugs per foot3

q Dynamic pressure, pounds per foot 2

So  Canopy reference area. foot2

L Length of canopy arm

W Width of canopy arm

W/L Canopy arm width-to-length ratio

F Maximun opening-shock force, pounds

F 5  Steady-state drag force of fully open parachute, pounds

DEFINITIONS

Permeability - the rate of airflow through cloth in ft3/ft2/min
when measured under a pressure differential of 1/2 inch of water

Infinite Mass Shock Factor - the ratio of maximum opening-shock force
to steady-s-te drag at constant wind-tunnel velocity

Snatch Factor - the ratio of the snatch force to the steady-state
drag force

Snatch Force - the force required at line stretch to accelerate the
mass of-th-e canopy and its entrapped air to the velocity of the
primary body

Primary BodY - test stand
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INTRODUCTION

Wind-tunnel tests and field tests of various cross parachute
configurations have demonstrated rellable inflation and good aero-
dynamic efficiency at subsonic, transonic, and supersonic velocities.
Obstacle., to the efficient design and utilization of the cross
parachute are definition of the infinite mass opening-shock factor
and understanding the effects of various canopy parameters such as
cloth permeability, number of suspension lines, and suspension line
length on the infinite mass opening-shock factor. A series of wind-
tunnel tests were proposed to investigate the effect of the afore-
mentioned canopy parameters on the opening shock of the cross
parachute.

APPFOACH{

Three series of model cross parachutes were designed, using
a canopy cloth of different air permeability for each series. All
models consisted of two panels 40 Inches in lengtn with a W/L =
0.264. The two panels were arranged to form the configurations
illustrated in Figure 1. Each serie- off models consisted of three
parachutes with 8, 16, and 24 suspension lines, respectively, for
the same canopy cloth with suspension line lengths as shown in
Table 1. In this manner, twenty-seven model parachutes were availa-
ble for testing. Parachute construction and deployment sleeve
details are illustrated in Figure 2, and the materials used in the
construction of the models are enumerated in T.Able 2.

The wind-tunnel tests were conducted at the University of
Maryland 7-foot by 11-foot Cross Section Subsonic Wind Tunnel at
College Park, Maryland. The floor-mounted wind-tunnel support
system, Figure 3, was designed to house the folded parachute prior
to deployment. The parachute suspension lines were attached to the
aft end of the housing which was connected to the calibrated
aerodynamic force sensing device. An oscillograph was electrically
connected to the force sensing device to graphically record the
force time history of the deploying parachute, see Figure 4. The
test parachute was carefully folded longitudinally and stowed in
a deployment sleeve which enclosed the entire canopy and four inches
of the suspension lines. The center portion of the canopy was
locked into the deployment sleeve. A small extraction parachute
was attached to the deployment sleeve and provided the deployment
force for the test parachute. Deplo.mnent was initiated by withdrawal
of a solenoid-operated locking pin. Each parachute was subjected to
three valid test runs at wind-tunnel velocities of 150 or 200 miles
per hour. The wind-tunnel velocity was reduced froma 200 miles per

* 1



hur -to10 ml..es Per .our for tl-e number 1 series of parachutes due
to ti c ca;opy r It.ability caused by the low cloth permeablity.

;notion. picture coverage at, 400 fravies per secornd:asmtdsof one test of each par&chute. After deploymient of tte•

test parach, ute. the velocity of the wind tunnel was verified to be ,

u::charged and a .-1e!dy-s:tate dra34 recorded by the osCillograph. ,

Test data were reduced to coefficient form by means of the
following formulae:

DC

0
0D= I/-3p"r

S Q 'LW -. W 2

T.. IFTUITE .ASS Maximum Shock Force
SHOCK FACTOR Steady-State Drag Force

The refere.ce area of l3.i parachute models used in this test
is 5.092 feetd.

RFESULTS

With reference to TabIle 3, the results of this study demonstrate
that the permeability of the cross parachute cloth is the dominant

element affectiIg the magnitude of the parachute shock factor. Tlhe
na:icer of susper-sio- lines and suspension lire lengths do not
appreciably alter the opening-shock characteristics. Suggested
design values of infinite mass opening-shock factor are illustrated
in Figure 5. Toyical cross parachute deployment force time
oscillographs are illustrated in Figure 6o

AnalystIs of the infinite mass snatch factors obtained from the
test data indicates a range of values from 0.486 to 1.358. Trends
related to the parachute geometric and airflow factors under study
were not evident. The snatch factors were influenced by the
i-teraction of the aerodyntmic drag of the extraction parachute and
some inconsistency caused by the locking feature of the deplonnent

bag. The snatch factors determined in this test series do not appear
to be truly indicative of this type of parachute.

C

$, ... ..



Th pra~:ut dagcoefflc' icnta preaented in Table 4 vere
obtaline6k fromt t4--e steady-state drag. run of the vario parachutes.
These data indicate that increa, ing the perm~eab.litw of the cwi,.on
cloth reduces the drag of the naxachute whilez an increas-e ifln the
sust'ensic+. line length or niumbtcr Qfssp1in4ie ipoestW
drag- produ cin.-g capability.
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1.3 0 FROM TABLE 3
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FIG. 5 SUGGESTED DESIGN INFINITE MASS SHOCK FACTORS
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PARACHUTE INFLATION---

CLOTH PERMEABILITY - 8 FT3 /F 2 /'MIN, 24 SUSPENSION LINES ". 0 DIA.

370

._. ffi__..A ,I_ __ I
LL

-PARACHUTE INFLATION I
-2.CLOTH PERMEABILITY- 80 FT3.iFr /MIN',, 24 SUSPENSION LINES ,.'!. 4 DIA.

CLOTH PERMEABILITY 208 FT 3'FT 2 MIN, 24 SUSPENSION LINES 1. 4 WIA.

FIG. 6 TYPICAL DEPLOYMENT FORCE -TIME OSCILLOGRAPHS
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TABLE 1 - MODEL PARACHUTE CONFIGURATIONS

PARACHUTE
SERIES 2 3

CLOTH
PERMEABILITY 8 80 208
FT3/FT2 /MIN

NUMBER OF7
SUSPENSION a 16 24 8 6 24 8 16 2 24

LINES _ "

SUSPENSION 1.0, 1.0, 1.0, 1.0, 1.0, .1 ".0, 1.0, 1.0,
LINE LENGTH 1.4, 1.4, 1.4,1 .4, 1.4, 1.4, 1.4, 1 1.4, ,
DIA/METERS 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1 .
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